ABSTRACT STRIDE is a software tool for secondary structure assignment from atomic resolution protein structures. It implements a knowledge-based algorithm that makes combined use of hydrogen bond energy and statistically derived backbone torsional angle information and is optimized to return resulting assignments in maximal agreement with crystallographers' designations. The STRIDE web server provides access to this tool and allows visualization of the secondary structure, as well as contact and Ramachandran maps for any file uploaded by the user with atomic coordinates in the Protein Data Bank (PDB) format. A searchable database of STRIDE assignments for the latest PDB release is also provided. The STRIDE server is accessible from http://webclu.bio.wzw.tum.de/stride/.
INTRODUCTION
Identification of secondary structure elements is a major step in the characterization of a newly determined protein structure. It serves as a basis for virtually all subsequent analyses, including visualization, structure comparison and classification, homology modelling, threading and sequence alignment. To a large extent, our visual notion of proteins is based on cartoon diagrams showing a-helices and b-strands as cylinders and arrows, respectively.
Several automatic tools for secondary structure assignment from known atomic coordinates are available [reviewed in (1) ]. The most widely used method, DSSP (2), defines secondary structure elements as repeating elementary hydrogen bonded patterns. Hydrogen bonds between peptide units are assigned if the electrostatic interaction energy between C=O of one residue and N-H of another residue is <À0.5 kcal/mole. The DEFINE algorithm (3) compares inter-atomic distance matrices of structural fragments to idealized reference distance masks typical for a particular secondary structure type, while P-Curve (4) is based on quantification of backbone curvature using differential geometry. More recently, an improved version of DSSP, called DSSPcont, has been developed which takes into account the structural variations in proteins (5).
Our method, STRIDE (6), was developed with a specific goal to accurately reproduce secondary structure designations created by human experts. It is thus a knowledge-based approach which uses, as training data, a carefully verified set of secondary structural elements defined by crystallographers who have deposited structures in the Protein Data Bank (PDB) (7). The main difference between STRIDE and DSSP is that STRIDE considers both hydrogen bonding patterns and backbone geometry. The hydrogen bond energy is calculated using an empirical energy function which takes into account the distance between the donor and the acceptor and the deviations from linearity of the bond angles (8, 9) . A weighted product of hydrogen bond energy and torsion angle probabilities for a-helix and b-sheet is used to determine the start and stop positions of secondary structure elements based on empirically optimized recognition thresholds.
The source code of STRIDE has been freely accessible from the FTP server of the European Bioinformatics Institute since 1995 (ftp://ftp.ebi.ac.uk/pub/software/unix/stride/src). It is also available as part of several molecular graphics packages and websites [e.g. Visual Molecular Dynamics (VMD) (10) ]. Here, we report a dedicated STRIDE web server and a database of secondary structure assignments.
STRIDE WEB SERVER AND DATABASE
The STRIDE web server, written in the python programming language, makes accessible all functions implemented in the STRIDE software and also provides several additional visualization tools (Figure 1 ). It accepts as input atomic coordinates in standard PDB format, which can be either uploaded or Basic secondary structure assignment. A secondary structure assignment in text form is produced. Its header section gives general information about the structure (author, compound, etc.) as well as a secondary structure summary which lists locations of identified secondary structure elements. Then follows a detailed per residue assignment of secondary structure states complemented by information on backbone dihedral angles and solvent accessible area computed according to Eisenhaber et al. (11, 12) .
Graphical representation of secondary structure assignment. A cartoon representation similar to the 'wiring diagram' of the PDBsum web server (13) is produced. Technically, this representation is generated not as a rendered image or postscript file, but rather in the form of an html table incorporating both individual graphical items and the protein sequence. The table is constructed by parsing the output of STRIDE and assigning an image to each structural state. An interactive point-and-click interface reveals detailed per residue information.
Contact map. A contact map is derived from a symmetric square matrix of distances between all C-a atoms in a given protein. An interactive mouse-sensitive image indicates distances below a certain threshold defined by the user, typically 6 Å .
Ramachandran plot. No secondary structure web server is complete without a Ramachandran plot (14) representing the distribution of j and f torsion angles in a given protein. The allowed areas for a-helix and b-sheet are shown in the background of the plot. They are taken from a recent update of the Ramachandran map by Lovell et al. (15) . The orange line is the border for the core region of favourable angles. Gold limits the region of disfavoured but allowed angles. Like the contact map, this image is also mouse sensitive and gives additional information on the residue that is pointed at.
Database of STRIDE assignments. A complete database of STRIDE secondary structure assignments is calculated from each weekly update of PDB (7) . Individual entries can be accessed either by PDB code or through a text search interface allowing for the construction of logically structured queries.
